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Evidence f o r  t h e  e x i s t e n c e  of permafrost  and t h e  
s u r f a c e  mod i f i ca t ion  due t o  f r o s t  effects and t h e  presence 
of i c e  on Mars d a t e s  from e a r l y  obse rva t ions  by Otterman and 
Bronner ( I ) ,  Leighton and Murray ( 2 ) ,  Anderson e t  a l e  ( 3 ) ,  
Baranov ( 4 )  and Anderson and G a t t o  (5 ) .  The Viking l a n d e r s  
I and I1 con£ irmed t h e  presence of wate r  i n  t h e  r e g o l i t h  and 
t h e  p e r i o d i c  occur rance  of f r o s t  a t  t h e  s u r f a c e  of Mars, 
Bieman e t  a l e  (6), Anderson ( 7 ) .  Observat ions  from t h e  
Viking O r b i t e r s  I and I1 demonstrated t h e  presence of 
a tmospher ic  wate r  a t  v a r i o u s  c o n c e n t r a t i o n s  i n  t h e  
atmosphere of t h e  p l a n e t  (Farmer e t  al .  [ 8 1 )  and a l s o  
provided a means of documenting t h e  accumulation and 
sub l ima t ion  of f r o s t  and ice i n  t h e  two po la r  caps  and a t  
s e v e r a l  o t h e r  l o c a t i o n s  on t h e  p lane t .  Later a n a l y s i s  of 
t h e  Viking O r b i t e r  imagery produced evidence sugges t ing  t h e  
former presence of i c e  s h e e t s  t h a t  cou ld  have played a p a r t  
i n  shaping t h e  s u r f a c e  of Mars (Lucch i t t a  e t  a l e  [9]  ) . 
S i m i l a r i t i e s  have been po in ted  o u t  between a number of 
s t r eaml ined  Mart ian channel f e a t u r e s  and s i m i l a r  s t ream1 ined 
landforms c r e a t e d  by a n t a r c t i c  ice s h e e t  movements. 
A s tudy  of Viking O r b i t e r  imagery of Granicus  Valles 
and t h e  surrounding t e r r a h  i n  Elysium has  produced f u r t h e r  
evidence of g l a c i a t i o n  on Mars. Granicus V a l l e s  is  l o c a t e d  
i n  t h e  Northern hemisphere between 25 deg rees  and 40 deg rees  
l a t i t u d e  and 220 deg rees  t o  240 deg rees  l ong i tude ,  It  
ex tends  from t h e  Elysium f o s sae  near  Elysium Mons t o  Utopia  
p l a n i t i a ,  t h e  p l a i n s  where Viking Lander I1 is  loca t ed .  
Granicus  V a l l e s  h a s  been c h a r a c t e r i z e d  as  a n  outf low channel  
(Malin [ l o ] ,  Carr [I11 ) ,  It i s  approximately 1100 km long,  
about 1 0  km wide a t  t h e  source ,  wi th  d i s t r i b u t o r y  branches  
t h a t  cover an a r e a  a ~ ~ r o x i m a t e l v  300 km wide. Three 
d i s t i n c t l y  d i f f e r e n t -  geo log ica l -  u n i t s  a r e  involved 
(Mouginis-Mark [I21 , C h r i s t i a n s e n  and Greeley,  [13] ) . P a r t  
of t h e  r eg ion  is c h a r a c t e r i z e d  as  a Complex Vent Area. I t  
i s  one of t h e  main v o l c a n i c  c e n t e r s  i n  Elysium. Another h a s  
been r e f e r r e d  t o  a s  Modified Lava P l a i n  by C h r i s t i a n s e n  and 
Greeley (13) , and Compound Lava P l a i n s  and Eros iona l  P l a i n s  
by Mouginis-Mark (12 ) .  A p o r t i o n  of it was e a r l i e r  r e f e r r e d  
t o  as  Channeled P l a i n  by C h r i s t i a n s e n  and Greeley ( 1 3 ) -  
Volcanism has  played a n  impor tan t  r o l e  i n  developing 
t h e  l andscapes  of t h e  Elysium region.  Two f e a t u r e s  t h a t  
s t r o n g l y  resemble t e r r e s t r i a l  moberg r i d g e s  have been found. 
These f e a t u r e s  a r e  r i d g e  shaped, s e r r a t e d  mountains, very 
s i m i l a r  t o  t h e  moberg r i d g e s  desc r ibed  by Al l en  (14 ) .  
T e r r e s t r i a l  moberg r i d g e s  form as a r e s u l t  of s u b g l a c i a l ,  
f i s s u r e  e rup t ions .  The only apparen t  d i f f e r e n c e  between 
t h o s e  observed on e a r t h  and t h e s e  two Martian c o u n t e r p a r t s  
is  s c a l e ;  t h e  Martian f e a t u r e s  are much l a r g e r ,  Because t h e  
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s i z e  of a moberg r i d g e  i s  l i m i t e d  by t h e  t h i c k n e s s  of ice 
above t h e  e r u p t i n g  f i s s u r e  l a v a ,  t h e  g r e a t e r  h e i g h t  of t h e  
Martian r i d g e s  i m p l i e s  a  t h i c k e r  ice shee t .  The h e i g h t  of 
t h e  moberg r i d g e  near Granicus  V a l l e s  i s  e s t ima ted  t o  be 
about 2.6 km, The ground s u r f a c e  surrounding both Martian 
moberg r i d g e s  appea r s  t o  have two d i s t i n c t  l e v e l s ;  it  i s  
lowes t  a t  t h e  base  of t h e  r i dges ,  r i s i n g  t o  a l e v e l  near  t h e  
t o p  of t h e  r i d g e s  a t  a d i s t ance .  A p o s s i b l e  exp lana t ion  is 
t h a t  subsidence occur red  dur ing  fo rma t ion  of t h e  Martian 
moberg r i d g e s  due t o  t h e  me l t i ng  of ground ice near  t h e  
e r u p t i o n  a r e a  wh i l e  a t  a d i s t a n c e  most of t h e  ground ice i n  
t h e  permafrost  i s  s t i l l  p r e s e n t  and t h e  o r i g i n a l  e l e v a t i o n  
h a s  been preserved,  Meltwater dur ing  and fo l lowing  
e r u p t i o n s  might have been suddenly r e l e a s e d  dur ing  
s u b g l a c i a l  volcanism i n t o  Granicus  V a l l e s  i n  one ca se  and 
i n t o  Hrad V a l l e s  i n  t h e  o the r .  F l u v i a l  e r o s i o n  t h u s  could 
have played a  r o l e  i n  shaping both,  
C r a t e r  s ize - f  requency p l o t s  i n d i c a t e  d i f f e r e n c e s  i n  t h e  
ages  of s u r f a c e s  from one r eg ion  t o  another ,  ranging from 
one t o  t h r e e  b i l l i o n  yea r s .  The presence of a t h i c k  ice 
s h e e t  t o g e t h e r  w i t h  under ly ing  permafrost  cou ld  h e l p  t o  
e x p l a i n  t h i s ,  A t h i c k  mant le  of i c e  would have i n t e r c e p t e d  
and conta ined  many meteor ic  impacts,  s h i e l d i n g  t h e  
under ly ing  r e g o l i t h ,  Subsequent removal of t h i s  ice by 
sub l ima t ion  o r  me l t i ng  would t h e n  expose a  r e l a t i v e l y  
unmarked s u r f a c e  t o  subsequent me teo r i c  bombardment. These 
s u r f  aces ,  f rom c r a t e r  s ize - f  requency p l o t s ,  would always 
appear younger t han  t h e  surrounding,  con t inuous ly  exposed 
t e r r a i n s ,  
Many of t h e  v o l c a n i c  e d i f i c e s  i n  Elysium appear t o  have 
uncommonly s t e e p  s l o p e s  a t  t h e i r  bases.  Many a r e  q u i t e  
l a r g e  and probably s tood  above t h e  h y p o t h e t i c a l ,  pre- 
e x i s t i n g  ice shee t .  Volcanic  f l ows  and ejecta cascading 
down s l o p e  would have come t o  r e s t  on t h e  surrounding ice, 
Later disappearance of t h e  ice would r e s u l t  i n  t h e  
subsidence and r e d e p o s i t i o n  of t h e s e  m a t e r i a l s ,  he lp ing  t o  
e x p l a i n  t h e  abnormally s t e e p  b a s a l  s l o p e s  now ev ident ,  
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